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PROCESS FOR PURIFYING HUMAN THROMBOPOIETIN WITH HIGH 
CONTENT OF SIALIC ACID 

TECHNICAL FIELD 

The present invention, in general, relates to a process for producing a culture 
fluid containing human thrombopoietin (hTPO) and a process for purifying hTPO 
from the culture fluid. More particularly, the present invention relates to a process 
for isolating and purifying hTPO witii a high content of siaUc acid from a biological 
fluid containing hTPO. 



PRIOR ART 

A platelet growth factor, that is, thrombopoietin (TPO) is known as a 
cytokine regulating blood platelet counts (Lok et al., Natiire, 369: 565-568 (1994); 
and De savage, FJ. et al.. Nature, 369: 533-568 (1994)). TPO, vdiich is a 
glycoprotein synthesized and secreted in the Uver and kidney, functions to stimulate 
proliferation and differentiation of megakarocyte precursors, and induces flie 
maturation of megakaryocytes to platelets. 

Currentiy, the most common means of tireating thrombocytopenia is by 
platelet transfusion. However, such a tiierapy is difficult because of shortages of 
platelet transfusion donors, bleeding as a side effect, platelet's contaminated witii 
various viruses and platelet's antigenicity. The platelet growtii fector, TPO, is 
beUeved to be appUcable in ti»ating a variety of diseases associated witii platelets, 
v*ile reducmg flie adverse effects caused by platelet tiansfusion. hTPO cDNA was 
first cloned in 1994, and widely published in papers and patents (Lok et al., Nahire, 
369: 565-568 (1994); De savage, FJ. et al.. Nature, 369: 533-568 (1994); Miyazaki et 
al.. Experimental hematoL, 22: 828 (1994); and International Pat. Publication 
W095/18858). hTPO specifically acts on tiie platelet precursors, progenitor 
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(colony-fonning) cells in bone marrow, and stimulates proliferation and 
differentiation of megakaryocytes, the platelet precursors, resulting in increased 
platelet production. Due to such functions, hTPO is effective in the treatment of 
fhrombocytopenia caused by situations such as anticancer therapy and bone marrow 
transplantation. In clinical trials, hTPO remarkably increased platelet counts and 
showed mild side effects, and thus is a candidate for a novel drug (Shinjo et al.. 
Leukemia, 12: 195-300 (1998); and Martin et al., J. Pediate. Hematol. Oncol, 20(1): 
36-43 (1998)). Actually, Geneutech Inc. prepared a hTPO (Mtemational Pat 
PubUcation W095/18868), and continued Phase m clinical trials in collaboration 
with Pharmacia & Upjohn. Kkin ate also conducting clinical trials of hTPO 
analogues (International Pat PubUcation W095/21919). The present mventors 
invented hTPO analogue^ wifli higher in vivo biological activity than wild type hTPO 
(Intematianal Pat PubUcation WO99/00347), which are esqjected as excellent 
^erapeutic agents for thrombocytopenia. 

Large scale production of hTPO was accompUshed by using the cells 
transfected with the expression vector for hTPO with genetic recombination 
technology, hi this way, hTPO is purified from the culture fluid after cultuiing Ae 
transformed ceUs in serum-containing medium, and used in the medical field. 
However, \^^ien the transformed cells are cultured in serum-containing medium, 
animal-derived factors may give rise to adverse effects. 

Therefore, there is an urgent need for development of methods of 
producing/purifying hTPO with a high purity suitable for medical uses, without risk 
of contamination with microorganisms or unpurities and with a high activity. 

The present inventors found flia^ v/ben eukaryotic ceUs transfonned with an 
hTPO-«cpressing ©cpression vector are cultured in a serum-free medium that contains 
a negUgible amount of serum, adverse effects by animal-derived fectors (e.g., viruses) 
are minimized, and hTPO is obtained at a high ejqpression efBciency. 

It is therefore an object of the present invention to provide a process for 
producing hTPO by culturing a eukaryotic ceU expressing hTPO m a serum-free 
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mediiun. 

In addition, tiie present inventors successfully purified hlPO with a high 
purity suitable for pharmaceutical uses by applying a biological fluid containing 
hlPO to a series of chromatographies (afBnity chromatography, hydrophobic 
interaction chromatography, reverse phased chromatography and anion exchange 
chromatography). 

It is therefore another object of the present invention to provide a process for 
purifymg hTPO wth a high purity from a biological fluid containing hTPO. 

Most sugar chains in many glycoproteins used as therapeutic agents have a 
critical role in the biological activity of the glycoproteins (Takeuchi et al., Proc. Nafl 
Acad. Sci. USA. 86: 7819(1989)). In case of erythropoietin (EPO), the numbers and 
sugar types of glycosylation aflfect stability and solubiUty of EPO, espedaUy, the 
content of siaUc acid are important for extending in vivo half life of EPO. In this 
regard, ^en selectmg a host cell for preparation of a recombinant glycoprotein, its 
glycosylation ability should be preferentiaUy considered. It was reported that 
glycoprotein with a high content of siaKc acid can be purified by anion exchange 
chromatography based on the negative charge of siaKc acid (Glycoconj J.,13(Q: 
1013-20(1996)). However, in case of IPO. there is stiU no report of a relationship 
between SiaKc acid content and its in vivo biological activity. The present inventors 
found that, y^ien hlPO with different siaHc acid contents were purified by a 
chromatography method accordmg to the present invention, the hlPO activity was 
increased in proportion to the content of sialic acid. 

It is therefore a further object of the present invention to provide hTPO with 
a high content of siaUc acid, thus resulting m improved in vivo biological activity by 
2 5 usmg various chromatography steps, 

DISCLOSURE OF THE INVENTION 

The present invention relates to a process for producing a hTPO-contaidng 
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culture fluid, comprising the steps of culturing eukaryotic cells expressing hTPO in a 
3-6.5% serum-containing medium, subsequently culturing the cell in a 0.5-1.5% 
serum-containing medium and then culturing the cell in a serum-fiee medium that is 
substantially £:ee fix>m serum. 

He eukaryotic cell is preferably a Chinese hamster ovary cell line (CHO), 
and more preferably, selected from the groiq) consisting of CHO dhfr-/pD40434 
(KCTC 0630BP). CHO dhfr-/pD40449 (KCTC 0631BP) and CHO dhfr-/pD40458 
(KCTC 0632BP). The eukaryotic cell is also inoculated in a 0.5-1.5% serum- 
containing medium at a density of 1.0x10* to.l.OxlO^ cells/ml, and preferably, at a 
density of 1.5xl(^ ceUs/ml. The serum-fiee medium is preferably complemented 
with butyric acid and yeastolate. 

In addition, the present invention relates to a process for purifying hTPO 
from a hTPO-containing biological fluid, comprising the steps of (a) subjecting the 
biological fluid to affinity chromatography, (b) subjecting the eluate obtained at step 
(a) to hydrophobic interaction chromatography; (c) subjecting the eluate obtained at 
step (b) to reverse phased chromatographr, and (d) subjecting the eluate obtained at 
step (c) to anion exchange chromatogr^hy. 

Preferably, at step (d), the eluate obtained at step (c) is loaded onto an ion 
exchange chromatography column, and hTPO eluted selectively from the column by 
a 0.15-0.3M sodium chloride gradient is coUected. In addition, the process 
preferably may comprise a step of carrying out gel filtration chromatography after 
step (d). The hTPO-containing biological fluid is preferably a culture fluid obtained 
by culturing a eukaryotic cell transformed with an hTPO-expressing vector in a 
serum-free medium. At step (a), a column used in the affinity chromatography is 
preferably eluted with a phosphate buffer containing 1 M of sodium chloride. At 
step (c), a column used in the reverse phased chromatography is preferably eluted by 
edianol gradient 

Further, the present invention relates to a hTPO-containing fraction obtained 
by the process. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

TTie above and other objects, features and other advantages of the present 
mvention wiU be more clearly understood from the foUowing detailed description 
taken m conjunction with the accompanying drawings, in which: 

Fig. 1 is a flowchart showing a process for producing hlPO by a serum-free 
culture using a ceU factory and subsequent chromatography; 

Fig. 2 shows expression levels of a hTPO analogue during a serum-free 
culture using cell fectories; 

Fig. 3a shows a result of the Coomassie blue staining of a SDS- 
polyacrylamide gel on v^ch purified hlTO has been separated, and Fig. 3b shows 
Western blotting analysis offlie gel; 

Fig. 4 shows a result of a reverse phased HPLC. demonstrating lhat a 
purified hTPO analogue has a purity of over 99%; 

Fig. 5 shows a result of size exclusion HPLC. demonstrating over 9%% of a 
15 purified hlPO analogue exists in monomer form; 

Fig. 6a and 6b show pi values and siaUc acid contents of hlTO-containing 
fractions by isoelectrofocusing analysis; 

Fig. 7a and 7b show the in vivo biological activity of a hTPO analogue 
according to its sialic acid content; 

20 Fig. 8 shows the in vivo biological activity of a hTPO analogue in high 

sialic acid-fractions; and 

Fig. 9 shows the expression levels of a hlPO analogue according to various 
ingredients contained in a serum-free medium. 

BEST MODES FOR CARRYING OUT THE INVENTION 
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Most ceU surfece proteins and secretory proteins produced, in eukaryotic 
ceUs are modified by one or more oUgosaccharide groups. Such modification is 
call.ed glycosylation, and oHgosaccharides are attached to specific sites on the 
backbone of a polypeptide. Two glycosylation patterns are known. One is O- 
linked glycosylation, in which an oUgosaccharide is linked to a serine or threonine 
residue, and the other is N-linked glycosylation. in which an oligosaccharide is linked 
to asparagine (Asn) residue. N-linked glycosylation occurs at a specific amino acid 
sequence, particularly, Asn-X-Ser/Ilr. wherein X is any amino acid excluding 
proline. N-Unked oligosaccharide has a structure distinct from 0-lmked 
oUgosaccharide, and sugar chains found in the N-linked type also differ from flie 0- 
linked type. A sugar residue found in both O-linked oUgosaccharides and N- 
linked oHgosaccharides is a member of the sialic acid family. "SiaUc acid" is a 
common name for about 30 native acidic carbohydrates fliat are essentially found m 
numerous sugar moieties (Society Transactions. 11, 270-271 (1983)). The most 
frequently fomid siaUc acid is N-acetykeuramic acid, and the second is N- 
glycolytoeuramic acid (Schauer, Glycobiology, 1, 449-452 (1991)). 

Wild type hTPO is a glycoprotein, which is expressed as a precursor 
consisting of 353 amino acids in the ceU and secreted in an active form of 332 
amino acids to the extracellular space after a signal peptide of 21 amino acids is 
cleaved from the precursor. hTPO analogues may have a different glycosylation- 
pattern from the wild type hTPO. Representative examples of the hTPO analogues 
include a hTPO analogue prepared by introducing one or more N-linked 
glycosylations into hTPO of 174 ammo acids wifh a deletion at the C-termmus 
through substitution of particular bases in a cDNA sequence encoding hTPO with a 
glycosylation motif sequence. Asn-X-Ser/Thr (X is any amino acid excluding 
proline) (Intemational Pat. PubUcation W096/25498); an hlPO analogue with an 
additional sugar chain, which is prepared by introducmg a sugar chain into a Ml 
^d type hTPO form (HL Park et al., J. Biol. Chem., 273:256-261, 1998); and an 
hTPO analogue with N-Unked glycosylation by substituting amino acid residues at 
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Posiaon 164. 193. 157 ^ „7 and of vrtU .ype i„o ™tt 

Mpsragine (KoiemPat PubHcsSonNo. 2001-0078744). 

The ,r««a, i„v«to« oWain«J an hlPO-coatoing cultu,. fl^d rm 

.r^taed ™a .„ hlTO-cxpessing vector in a 3-6.5% 

-^«y in a 0.5-1.5% ^.^^ ^^^^ 

m«u™ conWns a negUgiMe amoun. of aer«. 1. ft;, ^ 
produced wift Mg,., ^ ^ ^^^^ ^ ^ 

oontan^ n.edi.„. l„ ^ ^ ^ .^^^ 

med.™, 5% or Mgte was eonwned in tte n^nn. H^ever. in J 
present invention, the culture started in ihe 3^ so/ c» 

swnca m me 3-6.5% serum-containing medium 

in 0.5.1.5% se^n-eon^ning ^ ^ 

m s.™n.fl„ medium i, ^^^..^^ 

auowmg production of hTPO while min{«,i^- 

*riv.dft«„r.. oo,«amination with s.™.- 

n^refo,.. in an aspec ae present invention provides a process for 
- hT^O^taining oulnne (Md. conrprisi.^ a. steps „, c«l«ng a 
«to,y««= ceU repressing hlTO in . .ediu. ccnraining 3^.5% semn.. 

«^ and more preferably, 5% semm; subseq««ly cutaring ^ . 

m«i.™con.aining0.5-1.5%sernm,andp„ferablya%sennn;.nd,hencnl^ 
cdl a a senun-fiee medinm that is substantialD. ftee flom senm.. 

In the process for producing an hH>0-containing cuhpre flnid, the 
eukatyotic cell expressing hTOO refe to a n^ntn^ ^ Un. capable of gto^g 
-d snrvn^ in „o«,la^ ^ „ 

contarnag suitable n«.i«^ and growth fi^. 11. gtowfl. ftctors essential for 
^wmofapartieulareen line, for cxaMpKasdescnT^dinM^nrnalianCeUCul^ 
^ y P. ^. Pie,™ ftess, N.y. pp^) «k1 b, Barnes and Sato. (1580) Cell.' 
22:649. may be detetnun^i easOy by expetintental expedence without a heavy 
a»»W<»nfen. n.«»»™=dian host ecu suitable for ^process of the present 
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invention includes hTPO analogue-expressing transfected Chinese hamster ovary 
cells (CHO), COS cells, hybridoma cells, for example, mouse hybridoma cells, baby 
hamster kidney cells, 293 cells and mouse L cells. In particular, hTPO analogue- 
expressing CHO dhfrVpD40434 (KCTC 0630BP), CHO dhfi-/pD40449 (KCTC 
0631BP) and CHO dhfi-/pD40458 (KCTC 0632BP) are preferred. Of them. CHO 
dhfr-/pD40458 (KCTC 0632BP) is most preferred. In the culture using a 0.5-1.5% 
serum-containing medium, the hTPO-expressing ceD is inoculated at a density of over 
1x10* cells/ml, preferably, 1x10* to IxlO'' ceUs/ml. and more preferably, LSxlO* 
cells/ml. 

In one embodiment, a hlPO analogue-containing culture fluid was obtained 
by cultuiing a CHO dhfr./pD4D458 cell line transformed with an hTPO analogue- 
expressing vector in a 3-6.5% serum-containing medium, subsequently, culturing the 
cells in a 0.5-1.5% serum-containing medium after inoculation at a density of 1x10* 
to lxlO« cells/ml, and then culturing the cells in a serum-fiee medium. Preferably, as 
described above, a culture supernatant fiom the hTPO analogue-containing culture 
fluid by a serum-fiee culture may be used as an hTPO analogue-containing biological 
fluid in the process for purifying hTPO according to the present invention. 

The term "serum-free medium", as used herein, is intended to designate a 
nutrition medium which is substantially free from mammaUan-derived serum (e.g., 
fetal bovine serum (FBS)). Hie term "substantially free from serum" means that a 
ceU culture medium contains about less than 0.5% serum, and preferably, about 0- 
0.1% serum. As described above, the adverse effects caused by serum-derived 
fectors. e.g., vkuses, can be minimized by purifying hTPO from a culture fluid 
obtained by culturing an hTPO analogue-expressing eukaryotic cell in a serum-free 
medium that contains a negUgible amount of serum. A nutrition medium for cell 
growth typicaUy contains energy sources in forms of carbohydrate (e.g., glucose), all 
essential amino acids, vitamins, and/or other organic compounds, free fatty acids and 
trace elements that are required for cell growth in low concentrations (typicaUy, 
organic compounds or natural elements required for cell growth in very low 
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c-mcemrrtom WM* a microMole), and may be supplemented wia one or more 
seleeted fiom the group consisting of hormones and other growh feetors (e, 
msuhu. tmsfenin and epidamal growth teor). salts and bufes (e.g.. caleium" 
magnesium and phosphate), nucleosides and bases (e.g.. ^ ^ 
hwoxanthine). and p„teins and tissue hydrolysates. p^, invemo, 

mvestigated the effects of n„nesa«^ amino acids, ZnSO. sodium buiyrai. and 
yeas,ola.easa«addi,iveofse™n.fiecm.diumo„hTPOe^^ Asshownin 
r.g. 9, sodium butjMe added to the medium a. 0.5 mM eonoenhatio,. was more 
eaotivea^nfl^caseofbdngt^edatlmMconceuMo,, The case of adding 

yea^Iat. to the medium d»«d.moehHgherhTPOexp«ssion level aaanfte case 
of elding nones^ntial amino «ads CNEAA), sodium butyrate and ZnSO, to the 
m«J,um. L. this „g.ri, .h. ^ ^ ^ 

mii^^^ha^^^j^t^, Comparedwiththeuseofaserum- 
ooatoiBg m«Uum, th. ..e of a serum-fee medium resulted in an ino:««ed hlK) 
«.«ssion wMle mmimizing serum-derivM impurities, teeby imitating 

purification of the expressed hTPO. 

t. addition, the present mventors successfulfy purifl«i hWO wift a Ud. 
punly by chromatographically purifting hTOO fe>m . hTPO-c«^ Wologicfl 

fluid, -few. tte present mventors found ttathlPO with a high pmitye«, be 
obtamed b, a ptocess comprising the steps of (.) subjecting the Mological flmd to 
afflmty chromatogtaphy; (b) subjecting .he elu«e „btdn«l « step (a) fc> hydn^hobic 
mt^action ehromatogt^^ (c) subjecting ae .luate obtamed a. step (b) to reverse 
phased chrom^ognphy; and (d) sul^ecting 4e duate obtamed a. step (c) to anion 
exohat^e ehr^natography. b iwtioular. hlTO with a high content of siaHc acid 
was obtamed . Ugh purity fern, by a proc«s c^nprising the steps of (a) subiecting 
m hWO^ontaining Hologicd fluid ,„ affinity chtomatogtaphy; (b) subjecting the 
duate obtamed a. step (a) to hydrophobic in,.ra«ion chromatography; (c) subjecting 
the eluate obtained a. step (b) to reverse phased cb.„„«^pt^. ^ 
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the eluate obtained at step (c) onto an anion exchange chromatography column and 
collecting hTPO eluted selectively by a 0.15-0.3M sodium chloride gradient 

Therefore, in another aspect, the present invention provides a process for 
puri^g hTPO fix)m a hTPO-containing biological fluid, comprising the steps of (a) 
subjecting the biological fluid to afBnity chromatography; (b) subjecting the eluate 
obtained at step (a) to hydrophobic interaction chromatography; (c) subjecting the 
eluate obtained at step (b) to reverse phased chromatogr^hy; and (d) subjecting the 
eluate obtained at step (c) to anion exchange chromatography. Preferably, at step 
(d), the eluate obtained at step (c) is loaded onto anion exchange chromatography 
column, and hTPO wifli a high content of siaUc add eluted selectively fiom flie 
column by a 0.15^.3M sodium chloride gradient Preferably, the process may 
further comprise a step of subjecting an eluate obtamed by anion exchange 
chromatography to gel filtiation chromatography to remove aggregates. 

In botii the process for producmg a hTPO-contaming culture fluid and tiie 
process for purifying hTPO fiom the culture fluid, TPO, which is derived from 
human, contams wild type hTPO and its analogues. The hTPO analogues have 
biological activity more tiian wild type hTPO. The hTPO analogues comprise hTPO 
mutants witii substitutions, insertions and deletions at some amino acid positions of 
the wild type hTPO, and may have a different glycosylation pattern fiom the wUd 
type hTPO. As described aibove, die hlPO analogues may have increased 
glycosylations or sugar chains at new positions. 

The term "biological fluid", as used herem, may contain cells, constituents or 
metabolic products of the cells, or refer to aU fluids derived from tiie ceUs. The 
biological fluid includes, but is not limited to, cell culture fluids, cell culture 
supematants, cell lysates, cell extracts, tissue extracts, blood, plasma, serum, milk, 
urine and fractions thereof. If contammg hTPO, one of the various biological fluids 
as described above may be used as a starting material m tine process for purifying 
hTPO. Preferably, a cultiire supernatant obtamed by die aforementioned serum-free 
culture is used. 
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to speciflo inteaotiom b«wccn biological moleoul« by „ve.ible non-covalen. 
^ T1». is. ttia ob^matogzaphy „c4od doe, not u« a diifereac in 
Phj^ioochemioal pr„perti«. specificity of a bidding system, in ««ch a ,p«ific 
t»ta8 partner, wha. is called, ligand is covalenfly bound U> typically an insoluble 
■n«nx (e.g., a porous glass, agarose, silica, cellulose or dexfa, gel), and compounds 
comamed a mixture sample contact with the Ugand. He prefer affinity 
chromatography is dye-ligand chromatography, ^ch is ex«npMed a, CM Affl-Oel 
Blue 6.1, DEAE Affi-Oel Blue gd ^io-Rad Uho,^^-,, or MIMETIC Red. Blue 
Orange. Yellow or Qreen (Affinity Chtomatography Lt4 Freepor, Great Britam)' 
pardcular. CM Affi^, Blue is prefeable. „hich may contain QWn Blue 
F3GAd,ecovata.,fyboundto.CMBio^3.1Ag.l. The CM Bio^l A gel is a 
<»*«y.,«min., .garose gel, «.d flus ^ „np,^ 3„ amino-terminal 

lpnd.protdn.rsp.c«r«m. Conveurodly. before loading of an eluate, the afBnity 
■^omatogtaphy cohmm is ..^•b,,,., ^ „ ^ ^^^^ 

PH, prefcnily, a phosphate buffer of about pH 7.2. -m cMou is carded out by a 
known in art using an aqueous buffer solution, preferably, a phosphate 
b^ffir of rt>out pH 7.2. Tie phosphate buffer is preferably a 1 M so<Kmn chloride- 
contmning buffer, m case of carrying out elution with .Ws bufe. an ehdion 
solution may be direcay appUed without an additional treatment to the second 
chromatography step, hydrophobic interaction chomatography oolmnn. He 
awBcation of affinity ch«»«„gr.phy as a firs, cbr^natography atq, aUows fcr a. 
effective removal of components of the culture medium ftienol red. etc.). 

n>e hydiophohie interaction chiomatognwhy should be carried out on gels 
with hydrophobic, suimbly aHpbatic or ar^naflc, charg*.fte. Hgands attached to 
vanomcramnercially available matrices. The Uganda c«, b. coupled to the matrix 
by conventi^ral «„,ling techriques giring d^e-fte. ligands. Tie most common 
smtahle example of such . techniqu, is fte glyddyl-ether coupling procedure In 

» ^ mate is first activated with 
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glycidoxypropyltrimethoxy silane in water, and the ligands are then immobilized on 
the matrix in the alcohol. In yet another suitable technique, an agarose matrix is first 
activated with a bis-epoxide such as 1,4-butanediol diglycidyl ether. The obtained 
epoxy-activated gel can be coupled to a ligand such as aminoalkyl or alkyl 
mercaptan. Further available techniques are IJ-carbonyldiimidazole activation and 
divinylsulfone activation. The gels obtained by the aforementioned techniques are 
charge-free wifhm the entire pH range. The. aliphatic ligand may be a strai^t alkyl 
such as propyl, butyl, pentyl, hexyl, heptyl or octyl, a branched alkyl such as iso- or 
neoalkyl, or oHgoethylene glycol. The aromatic Ugand is preferably a phenyl. The 
matrix can be selected from a group of strongly hydrophilic matrices, for example, an 
agarose matrix such as a Sepharose® matrix, an organic polymer matrix such as 
TSK-GEL, or a highly porous organic polymer matrix. The matrix is preferably an 
agarose matrix. Suitable agarose matrices m the present invention are Sepharose 
matrix sold by Amersham Biosciences (Uppsala, Sweden), Bio-Gel A sold by Bio- 
Rad Laboratories (Brussels, Belgium), and Minileak® sold by Kem-En-Tec A/S 
(Copenhagen, Denmark). Preferably, the matrix is cross-linked allowing for a fast 
flow (FF) and thereby high production capacity. More preferably, the hydrophobic 
interaction chromatography of the present invention is carried out on a Phenyl 
Sepharose 6 FF gel sold by Amersham Biosciences or a Butyl Sepharose 4 FF gel. If 
necessary, prior to the hydrophobic interaction chromatography step, a salt may be 
added to the eluted fractions to hnprove the conductivity of the fractions. Then, 
hTPO is eluted from the hydrophobic mteraction chromatography column using a low 
ionic strength buffer. In an embodiment of the present mvention, without such 
pretreatment, an eluate obtained in the affinity chromatography step was directly 
loaded onto the next hydrophobic interaction chromatography column. At the 
hydrophobic interaction chromatography step, hTPO is bound to the resin, and the 
impurities flow through tiie column or are removed by washing of the column, 
thereby allowing for the effective removal of most impurities. 

The reverse phased chromatography is based on the separation of 
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seven. sy..«. . ^ ^ J 

P-.s»„e,„^™.^.C4,^^^„.«, Mo„ preferably. «,e.„,v„. 
^ « el«« Obtain ^ ^ 

- ataos. . comptae ™»„v., of in elute oWn«i by ft. 
im« sttp l,yd„>plK,bic irten„:fiOT chromatography. 

Tl6 «non «ohanBe chromatography i. typMly oarfed ou, . „«iium 
~g an bsoWo parace ^or. derivadzed ^.^^ 

^nc group (e.g., dieftyhnmoethyl. WettyUmtaocM. b«^^yto>h.o«hyO 
^ a^por. ^ ^ ^ 

l^ly. dre u derivaUzed d„ «cd.yU„i^^ ^ 

«non exchange .a«ce. include Q Sepharo^ Bioaci.,^). Macro- 

y Q (Bio-Rad LahoratorUsX Q-HyperD« (BioSepra. I., M.^^, MA) 

Frac.oge,EMD--,MAB650(Me.ck,. PHor,».h.,oadiugof.neh«..utota«i<. 
exchange colnn^ ft. cohn^ ^ ^ 

bnfite solnflon of pH 6.0 *> «.0. Eludon n>ay h. carn«i ou. using an aqueou. buff. 

^taon. and pr^ably. an ac««. bufe having a pH ranging fton. abou. 4,5 to 6 5 
byac„nv™.ion.Uykno™„.fto4 Ah^aSvely. «on may be carried ou. b; 
-ng a aodtam jtepha. bufc in a concenbato gradient Preferably. hWO 
IXHMd to an anion «ch«^ chron^og^hy column i, el„,.d »ift . cone««ion 
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gradient of sodium diloride, Hiereby aUowing hTPO to be eluted according to its 
sialic acid contents. Sodium chloride may be used at a gradient of below 0.5 M, and 
prefisrably, below 0.3 M. When a higher gradient of sodi\am chloride was used, 
hTPO with a higher sialic acid content was eluted, and the results are given in Fig. 6a 
and 6b, in vMch hTPO in the eluted fractions obtained by using tiie NaCl 
concentration gradient and its sialic acid contents are shown. As shown in Fig. 6a 
and 6b, hTPO eluted with a gradient of 0.15 M to 0.3M NaCl was found to have the 
hi^est sialic acid content The sialic acid content was determined by quantitative 
and quaUtative analysis for N-acetybeuraminic acid and N-gJyconeuraminic acid by 
isoelectric fiwusing. In addition, the purified hTPO was evaluated for the m vivo 
biolo^cal activity according to its sialic acid contents. As a insult, whai hTPO has 
an inraeased sialic add content, platelet levels inraeased (Example 5 and Fig. 7). 

Therefore, in a further aspect, the present invention provides a fraction 
containing hTPO with a high content of sialic acid by the process for purifying hTPO 
from an hTPO-contaimng biological fluid, comprising tiie steps of (a) subjecting tiie 
biological fluid to afSnity chromatography, (b) subjecting tiie eluate obtained at step 
(a) to hydrophobic mteraction chromatography; (c) subjecting tiie eluate obtained at 
step (b) to reverse phased chromatography; and (d) subjecting tiie eluate obtained at 
step (c) to anion exchange chromatography and collecting hTPO eluted selectively 
from tiie column by a 0.15-0.3M sodium chloride. 

The term "hTPO witii high sialic acid contenf, as used herein, is mtended to 
mean hTPO tiiat is eluted from tiie aforementioned anion exchange diromatography 
column by a 0. 1 5-0.3M sodium chloride gradient and has a pi of 4.0 and below. 

hTPO purified by tiie chromatography steps may be finlher purified by gel 
filtiation chromatogr^hy to remove aggregates m tiie eluate from tiie anion exchange 
chromatography column. The prefen^d matiix includes agarose, polyacrylamide or 
cross-linked beads of otiier polymers. More preferably, tiie matrix is Sephacryl 
(e.g.. Sephacryl® S-200 HR or S-300 HR), Sephadex (e.g.. Sephadex G50) or 
Superdex (e.g., Superdex® 200PG or Superdex 75), which are sold by Amersham 
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can b. „«d. Elu«™ Be ou. u.i„g an aqueous buffer by a 

oonv^flonaliy too™ ^e^od. AH oto ..udo„ buffer solufio. can be used. 
a» kno™, to elae component negatively a£Wng TPOS pr^^ u , 
tte ,e, m«on otaon^^^ «ep of *e p.oc«a ftr p„H^ 

niTO IS earned out using Superdex 200PG. 

hITO punfi«, by «>e obr„„^g,aphy ^ a. deseribed above ™a fe„nd to bave a 
higb puntjr of 98% or more (Example 3). 

■^l«»«'i-«ti»»mb.«pldned fa m^e dew w«b reference to ae 

Mo™, ex^nptebeo^j^^^e accompanying dra^gs. However, « 

r«,!ZT °" -^"^ -"^ 'onowfag example . provided only 
to dlu««. ae p„«„ ^ ^ ^^^^ ^ ^ 

example. 

EXAXdPLE 1 : Large-scale serum-ftee culture using oeU fictory 

For mass production of bTPO analogue, «ia additional N-linW 
glycosylation by substi«tio„ of bod, amino acid residuea a, 157 and 164 positions 

w,* aspa.agines.aserum.fi,. CeUP,cto.ycu«ure»aac.,ri.dou.d^b^aeed 
"-^ and large-scale c„ln» Stops, m ii» primary seed chure. five vials (Ix.o' 
cell/ml) of hlPO analogue-producing ceU line (CHO dbfaiaM0458, KCTC 0633P) 

w«e ou. fiom a wooing ecu bank Stored in li.^ nitrogen, and wasbcd once 
™ft a se«l o„ta,« medium (5% s«um^™«aining DMEM/F,2. Gibco BRL Co.) 

^ 30 ml of a s«d cuhur. m«.mm supplemented ^ metbotrexato (Sigma) ™. 
«i« five ,75 cm= T.fla*s (Nalge Nunc b^ona. Co,., NaperviUe IL) 

«^ tt. ™h«i ecu. we inocul-cd in .be flasks, followed by incubation in a coi 
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15 



20 



incubator (37»C. 5% COj). When ceU growth reached sub^jonfluency, the cells 
were treated with a 0.25% trypsin-EDTA solution. The cells recovered from one 
175 cm^ T-flask were inoculated in four new 175 cm^ T-flasks, each of yAnch 
contains 30 ml of a fresh seed culture medium supplemented with methotrexate. 
After the cells were cultured under the same conditions as described above untU ceU 
growfli reached sub-confluency, the recovered cells were again inoculated in three 10- 
stack ceU factories (Nunc Cell Factory of Nalge Nunc hitemational Corp., Naperville, 
IL) containmg 2 L of a fresh seed culture medium. 

The cells recovered from three 10-stack cell fectories were put mto a Media 
bag (Stedim Inc.. Concord. CA) containing 40 L of a fresh large-scale culture 
medium (1% serum-contaming DMEM/F12, Gibco-BRL Co., Gaithersburg, MD), 
and after mixing well, inoculated in five 40-stack ceU factories at a density of 1.5 x 
10' cell/ml. 72 hrs after incubation, the cells were washed with PBS once, and the 
medram was exchanged to a serum-free DMEM^12 supplemented with 0.5 mM 
butyric acid, yeastolate (Gibco-BRL Co.) and various amino acids, followed by 
incubation for 120 hrs in a CQt incubator (37°C, 5% CO2). During the serum-free 
culture using the aforementioned serum-free medium, the cells were evaluated for 
expression levels of the hTPO analogue according to time. The results are given in 
Fig. 2. The highest expression level (20 mg/L) of the hTPO analogue was founded 
at 5 days after exchanging the serum-containing medium to the serum-free medium. 
Such an expression level was about 2-fold higher than an expression level (10 mg/L) 
in 10% serum-containing medium. 



EXAMPLE 2: Purification of the hTPO analogue 



(a) AflBnity chromatography 

A VS 150/500 column (MUlipore, Bellerica, MA) was fiUed with 1 L of a 
CM Affi-Gel Blue resin (Bio-Rad Laboratories), and sufficiently washed with 10 L of 
buffer A (10 mM sodium phosphate, 150 mM sodium chloride, pH 7.2). 40 L of the 
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culture supernatant prepared in Example 1 wa3 passed through the column at a flow 
rate of 130 ml/mm, and the flow Ihrough was monitored at 280 mn. After the cell 
su^tant completely passed through the column, the column was washed with 
buffer B (10 mM sodium phosphate, 2M urea, pH7.2) until UV absorbance reached a 
ba^ level. TT^en, proteins including TPO, bound to the resu, were elut^ with 
buffer C (1 0 mM sodium phosphate. 2M urea. IM sodium chloride. pH 7.2). 

(b) Hydrophobic interaction chromatography 

A VS 90/500 column was fiUed with 800 ml of a Phenyl Sepharose FF resm 
(Amex^ham Biosciences), and sufficiently washed with 2 L of buffer C (10 mM 
sodmm phosphate. 2M urea, IM sodium chloride. pH 7.2). Tk. eluted fractions 

obtamed at the CM Affi^l Blue step were passed through the column ataflowrate 
of 43 ml^h, and the flow through was monitored at 280 mn. After the fractions 
were completely passed through the column, the column was washed with buffer C 
(10 mM sodium phosphate. 2M urea, IM sodium chloride, pH 7.2) untU UV 
absorbancereachedabasallevel. IHen, protein, mcluding IPO, bomid to the resh, 
wereelutedwilhbufferB(10mMsodiumpho^hate.2Murea.pH7.2). Afterbeing 
supplemented with 20"^, ethanol, the resultmg fractions were subjected to C4 reverse 
phased column chromatography. 

(c) Reverse phased chromatogiaphy 

A TRlO/300 column (Amersham Biosciences) was fiUed with 23 ml of a C4 
r^erse phased resm (Amersham Phannada) of 15 ^m m si«. and eqoiUbrated by 
washing with 50mMsodimn phosphate (pH 6.0). 200/. ethanol. elmed fractions 
(supplemented wi& 20% eftanol) obtained at flie hydrophobic interaction 
chromatography step usmg the Phenyl Sepharose resin were loaded onto the column 
ataflowrateof7ml/mm. ^l^e column was washed with 50 mM sodium phosphate 
(pH 6.0) and 40o/o ethanol. n,en. the proteins bomid to the resin were eluted with a 
40%.80o/o ethanol gradient Most of the expressed hTPO analogue was found to be 
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eluted by the addition of about 70% ethanol. The fraction eluted from the column 
was diluted 10 times with lOmM sodium phosphate buffer to prevent protein 
denaturation caused by organic solvents, 

(d) Anion exchange chromatography 

In order to separate the hTPO analogue according to its sialic acid content, 
the eluted fractions obtained at the reverse phased chromatography step were loaded 
onto an anion exchange chromatography Q column (Amersham Biosciences) at a 
flow rate of 10 ml/min. After being sufficiently washed with 10 mM sodium 
phosphate buffer, the column was eluted with 10 mM sodium phosphate buffer along 
with a 0-0.3 M sodium chloride gradient Hie hTPO analogues with low sialic acid 
contents were found at the fractions eluted witii below 0.15 M sodium chloride. In 
contrast, tiie hTPO analogue with high sialic acid contents was found at the fractions 
eluted with 0.15 M to 0.3 M sodhim chloride. 

(e) Gel filtration chromatography 

hTPO with high sialic acid contents, obtamed at the anion exchange 
chromatography step, was subjected to gel filtration chromatography to remove 
aggregates. In tiiis step, TNfT buffer (10 mM Tris, 150 mM sodium chloride, 0.01% 
Tween20), generally used as a buffer for final pharmaceutical formulations, was 
employed. XK50/100 (Amershaim Biosciences) was filled with 1.4 L of a gel 
filtration resin, Superdex 200PG (Amersharm Biosciences), and washed with 0.5 N 
NaOH and 0.5 N HCl. Then, 7L of TNT buffer vm passed tijrough the column for 
one day to eliminate endotoxm from tiie resin. After loading an elution solution 
onto the column at a flow rate of 8 ml/min, and eluates were collected using a fraction 
collector (Amersham Biosciences). Fractions containing only hTPO being present 
in tiie monomer form were put togetiier, filtered with a 0.22 fim membrane, aliquotted 
into vials for freeze-drying, and freeze-dried to allow for long-term storage. 
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EXAMPLE 3: Assays 



The eluates obtained at each chromatography step were electrophoresed on 
a 16/0 polyacrylamide gel (Invitorgen) under reducing conditions, and purified 
hlPO was identified by Coomassie blue staining and Western blotting, lie results 
are given in Figs. 3a and 3b. Also, the final purified product was analyzed by 
r.versephasedHPLC(Fig.4). As a result, the purified hlPO analogue was found 
tohaveapurityofover99o/„. Further, an analysis by size exclusion HPLC (Fig 5) 
demonstrated that over 9m of the purified hlPO analogue exists in a monomer 
form, 

nTPO analogue 

'''^°^"*P«tt«d«mple.P«pared in Example 2, was loaded „«0IEF 
&»d««ofe«^ g„ (p„ 3.7. ^ ^ ^, elee«opho«d» ™ 

P«*m»d«100VforIh,.200Vfbr30min,=«dten500Vforl5mto. Ate 

WA Coomassie blue .^.i:^ As . „suft fte fiaetas ctated wM. a» sodi™ 
d^ond. o„oe«,tadon gradient ftoM fte Q eol^n have r«.uced pi vahes d„ 
sal. concentation is increased (Fig. 6a). Sep„atel,, sialic acid contents of hWO 
were detennined as follows. 0.4 ml 0.1 N HQ was aided to . dried sample of 0 4 to 
0.6 nmol, and fl,e sample was incubaW for 1 ir a 80-C to dlow for the hydrolysis of 
s^Ucacid. Tl» "Siting scWon^s dried in. Speed ^^dissol™, again in 
d««ll«J water dried again. Aportio. of th. dri«i was ««Uyzed on a Bio-LC 
DX.300 system (Diom« Corporrton. Snnnyvale. CA). using a CarboPac PAl 
column (4 mm in diamct^; .«d 250 mm in length) and 1 00 mM NaOH containing 
I50mM.odiumac«at.«.flow,«eoflmlAnto. Herein. N-aCylneur^ninic acid 
^ N-glyconemaminio ««. fie^y g,^, ^ giycopr^^^s, used as 
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Standard materials, and quantitative and qualitative analysis for the standard materials 
were carried out The results are given in Fig. 6b. Ihe lower the pi vaue of a 
protein was, the higher its siaUc acid content was. These results indicate that the 
sialic acid content of a glycoprotein largely affects its pi value. 

5 EXAMPLE 5: Evaluation of in vivo biological activity of the hTPO analogue 

The m vivo activity was analyzed by determining the platelet numbers in 
mice administered with the hTPO analogue expressed in the anhnal cells. 7 week- 
old BALB/c female mice (Charles River, J^an) were first adq>ted to a new 
environment for one week m an animal-breeding room at 24±1°C under 55% 

10 humidity and 12 hr illumination (7 ajn. to 7 p.m.). Ihe mice were also bred m the 
same room during the m vivo activity test -Ihe mice were randomly divided into 
groups, each of which was composed of 5 mice. All groups except one was 
administered with ttie hTPO analogue, and flie one group which was not administered 
with the hTPO analogue was used as a control. 

15 hTPO with different sialic acid contents, eluted fiom the Q column with a 

different salt concentration in Example 2, was evaluated for in vivo activity. The 
purified hTPO was subcutaneously administered once to the mice at a concentration 
of 10 Kg/kg body weight. After 5 days, blood samples were collected. After 
anesthetizing the mice, whole blood was collected firom the abdominal inferior vena 

2 0 cava, and transferred to EDTA-treated tubes. Platelet numbers in peripheral blood 
were counted using an automatic blood ceU counter (CeU dyne. Abbott). The results 
are designated as mean±SE. The platelet numbers were increased with high sialic 
acid contents (Fig. 7a). According to the same method as described above, the ' 
hTPO drivative eluted with a 0-0.3 M sodium chloride gradient was compared with 

25 the hTPO analogue wift a high content of siaUc acid eluted with a 0.15-0.3 M sodium 
chloride gradient (Fig. 7b). As a result, there was a significant difference between 
the two eluates in &e in vivo activity. 
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n.e fiactions containing the hlPO analogue >vith a high content of sialic acid 
were subcutaneously administeied once to th« tnw . • °' ^^^^c acd 

on o« ^'^^ ^° ^'^^ at vanous concentrations of 10 

21 "° -'vo .c«vj ™' 

Fig. 8, in which platelet numbers are plotted aeainst th. ^ • • • 
ofthehlPO analogue I^e hTTO ^ ^ 

hiW. ^^^^^^^P'-^^^^t^d platelet production, and the 

highest platelet number was found on day 8 The hTPn „ , • 

1. . " "ay 0. ine hlPO analogue increased the 

platelet numbers in a dose^endent mamier. 



INDUSHUAL APPLICABILITY 
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